g % o A5 i B9 5 I

2) 7o v RnOdR

ZU - e Mok =¥

FAFIS04E 9 J] 16 H 32 Bl

o

it

=T P )ANOREBORMERFE L LT, 4ot A aFE, KB YE0 3 VEEHL T
By, FryEDIVEHENTUEROLRNC &, LERMELREOBEGLL, Bty €D
2vORDIE, vAnRr A AXERRHTHENDE. LA, HEIYEDI VL
LR T, FOFH V74 VDERBXEHLDTENDT, NHEOELDORILDARD E, &
PO TRERARDDOT, BEKERD. ChRTBCHLIIEOLHOFARAbR VT &
b, JIOHMCh BT IERNLE LR S.

OB RCET PR RIS H ETTHEEL L IThbh TR D, PETERSON B 23% 43
%, OLSEN?, Z@#&Icix-> T BUNNEL 521X, AKREEE O BROHAETTR-> TS,
ZOMEBOHE A Tib TN,

EELZ, A nfErERBAR L LT, RARELH - ATHEEHO =KD\ T, %
DL EDOREFT 2Tl -> TERMBSS? . KHTIX7 v L JRMOZBICD TR L 7o

pavrso=9F )t sEEMCONTIE, B LD RHEL TR Tk D,
IREANDEBHRICONTE, BELW, BR 5P 23 1k> Tna. LaLBHREUADIE
Wr SONTRELHREINTVARVWEI THD. ARIREZIVA ATy e FH VL
7 4 VDEBNDEZEELCONWTHHRETL o

RBMEELUFE

1) HRE 3COMET, 19714E108 2 H.S{LD &3, LIRS BEIEK K &0
RBTHAFTLEDDOTHD.

2) RERX 7 Table 3@~ 4 afiflic, 7oL 7 %iMT %K &, Carophyll orange
(CO) 20 ppm ZIRINT X &, MRMAR & HEL 7.

s L5 (Chlorella) 1%, HAZ oL X2 L 0#E#EINAEDOT, FAtTruL
5 (Chlorella Elipsoidea D4yBEKK) # 4 v 7 B, Tisbb izl (Heterotropic) ik
ELUCEEL, MESRLAEGEOLDTH S, Kk Table 2 X5 TH 5.

COMBEMCIEE L oL 718, AR (Autotropic growth) Db Dicitixl

* Faculty of Agriculture, Okayama University, Okayama, Jvpan.
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Table 1. Experimental lots

Lot No. of hens Notes

Control (Milo diet) 5 Milo 60 % diet without any pigmenter
Milo diet+5 % chlorella 5 Milo 60 9 diet with 5 % chlorella
Milo diet +20 ppm CO* 5 Milo 60 % diet with 20 ppm CO

’i‘_o,.tal I o 15. e e

* Carophyll orange

Table 2. Chemical composition of chlorella

Crude

Moisture Crup?%tein Crude fat NFE fiber Crude ash
% % % % % %

5.3 56.3 0.5 29.9 0.7 7.3

TE Y7 BEERBIIVL BORVWO TRV EEbh s,

Carophyll orange (CO) 12, HEXuo v . XLt oH P X 5B DT, B-apo-8-caro-
tenoic acid ethyl ester 5 % &, Canthaxanthin 5 $» &Lk »SEEHCESLE
HDTHS. 20 ppm ZFERMB L TLDOTH 5.

3) HEpttak MHESEMO%E&ERT L, Table 3 X35 Th3.

Table 3. Composition of basal diet for pigmentation studies

Ingredients % ! Ingredients %
Milo 60 | Cas(POL): 0.37
Wheat 4 Dried liver oil 0.10
Wheat bran 7 Vitamin mixtures 0.03
Rice bran 7.45 Trace mineral supplement 0.05
IS:));]bean Imeal 12 | Total 100
Clscomea 0 I cp 7.5
alOj . TDN 67.4
NaCl 0.4

CoERFAC /ey 5% 5%, CO X 20 ppm FL ik 2»#A LA, chb o
kiz, CP 17.5%, TDN 67.4%C, HEMID L BARABEE L DE»- D,

4) RBRPMEALCCHEEE THEPO 1B TIREREE 25, 288X
2B < 4 ol (EE) 25 Lk 4 BB XL 5 BHRBERN 5L, TOo®EBEY
2B~ 1 o BB AR A5 2 k.

Z ORJESNR, fRHIIE, WHOBHOWE, roF v, $4 v 700,823 VA
DEBRDOHB L EXLT/AEL 'S, AFITHIILIFE 28 L, ROCHE Yolk color fan'®
CHE L TG L, RBEREEARS L, RBHBRS IO 2B LAIEL &,

AR OMEEER, 1BMIEREL, 1B L EBERRLRDE,
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Month Oct. Nov. Dec.

Date 17 24 31 7 14 21 28 5 12 19 26
L ! L 9 ] ] > L 1 i fad)

week 0 1 2 3 4 5 6 7 8 9 10
\ — J o\ v J A\ — /

Period N N \ilf st Secgnd o Thi;d

Diet Commercial  Milo Experimental Milo

Fig. 1. Experimental period and chemical analyses of egg volk
* Sampling date for chemical analyses

EBREREIUEER

gRAHO—gHER Table 3 k- THELAMRBEAE E, chic/ov 5 5%%R
MU CHEL 2ES8HEO —#EKA/R$T& Tabled 0 X5 Th 5.

Table 4. Chemical composition of the basal diet and the experimental diet

Crude Crude 7

. Crude  Crude
Diet Moisture protein fat NFE fiber ash
% % % % % %
Basal 13.0 16.7 3.3 56.9 2.7 7.4

Chlorella 12.2 18.1 3.1 58.8 2.4 8.4

R O & oy HERE, HEMI DSOS D LD, KB L vy
Ha®iz, 7oV SRNOEELED THRIEL no .

BEHROEYI VA, DOFU0BLUFY UM I ILOEE ABRICML & 3HOMK
DEZIVA, haFv, FH U7 oviiER LR Table 5 0 X5 THo- 7.

Table 5. Vitamin A, carotene and xanthophyll contents of the diets

Vitamin A Carotene Xanthophyll

Diet (iu/g) (mcg/g) (mcg/g)
Control 2.4 8.1 74.0
Chlorella 2.9 30.0 3186.7

CO* 3.5 21.9 174.0

* Carophyll orange

Table 6. The effect of chlorella on feed consumption

Lo FeriodPrell i Experimental | Milo [yl
. " 1 . ; S 74" 5— . - 3 {g\!é?ié 9 10 §ten weeks
é@g}hen) 107 119 119 | 120 118 117 114 115 17 111 9% 1 114
(Cg};‘é’;;l}ﬁen) 114 119 110 120 119 117 115 116 117 | 118 110 117
(C;Sday/hen) 17 119 119 | 120 117 118 119 116 118 a8 1y 17
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Table 5 ©X 3 &, vulStikloxy >y b7 4 VEED, STRBRERICEXTHERCS
Wz ERHbNG,

FHOEME AR OMMINKER, 18 1Hbe 0 0FiTRT L Table 6
DEH»TH%.

KBRFEHE S OTEY 25 L, MK L7 oL FABRKMKIERRL, CO K
R OEEER S TS ML kR Emo k. COC LIX5BRED s vV 7 ORM
i, AROUIFEELYEX 55D TRVT EERL TV,

ERE ERLRT D, ENBOHRRIBIDRVOT, WEHKRT LB
~\ina, RBRPMTOBEERRELRTL Table 7 0 X5 TH 5.

Table 7. The effect of chlorella on the egg production

. Preli- e .
) Period minary Ml},o,,, Experimental milo
Week T T TAver-
- 1 2 3 4 5 6 7 8 age ﬁkg W‘){O* .
Lot Egg production rate (%)
Control diet 71 71 57 71 57 57 48 57 57 43 29
Chlorella diet 71 71 71 71 57 57 57 43 57 43 29
CO diet 71 71 71 57 57 57 57 57 57 43 57
14
/’A~‘~~A
A‘——— Lot h N
/’/ Ch\ore\\a’ AN
& @
12+ !
(0]
=
« 10}
>
<
(]
(W
| .
°
g 8
[\V]
<
Q
o
6F
Milodiet,  Experimental diet __)KL/hlo dl_e;‘
4r K—fed i fed fed
1 ! 1 L 1 1 | 1 L 1
] 2 3 4 5 6 17 8 9 10
Week

Fig.2 Daily yolk pigmentation changes in hens fed a milo diet plus supplements.
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Table 7 Ik 5 &, RBRAHES5HG, FORKICHEVWTD, 7oV 7 5 BEEDORI
k- T, ENECEEYPEL5b0 BN WRHRICL-> TS,

BAF S0, BEHEED y oL 5 OENCE HIETEEBCOWT, 2084 4 Xh Ak
BD# 4 XHh 2 %15%B i ETroL 5 THEIML TS, ENCHT 2B, §&A
ERDLNI o e dh, 20%LBOBHRIE, FRCEELE IEL ERHIREET),
EREREFLZELTWS. ThbbAERO XY €5 BREORMTIE, Table 61
SHSMAR LS I, FEEREONTRENRCEETI IO LIELLRE,

PEOERICHLBITHE SXMHOBTHE LY, REMCHEL B, XORBRIE
Fig. 2 0 x5 Tt&%.

Fig. 2 O#512, AR 2REL TV AR OEIMER 9 —10TH - end, < 4 afif}
CEDOMNZDE, AL 6BREL Tk, b- &b O, MREY OHAICHKL
TEBRTH->kH, CRRERAEDOBREOEE N> THeDDH D LHES
nn., w4 ofkey 2 BRI E LT, FRENORREEICE D 0272, HBE5H 28/
crERESEOEHECEZL, CO X citll—12ikrY, 7ol 7KK TIR12—13L 7
oo Wb EAENAE D, TREMREHOINLEZ LE->7cd0THDH. LLT
yol 3 5%0EMCYL->T, CO 2 ppm K& FRESFERZ/RL .

yulLsocnbERENEOKER, BHLY, BHLP 0L LIEDTND.

Lo L CO KX DB~ D ZE8IIERM® L EkRFBEZRL .

REPDEYIVASBAOEE 5, 7, IHAOWEKREL/RT &L, Table 8 O X
5 Thd.

Table 8. The effect of chlorella on vitamin A content
of egg yolk (Content expressed in | g of fresh egg yolk)

\ Control lot Chlorlla lot 1 CO lot

Week (diet) ‘Content Color |Content Color iContenf Color
Gu/e)  R2t Vae lGug) R vale Gu/e) M value
5 (Experimental) ‘ 10.9 100 7.8 13.6 124 12.8 [‘ 10.5 96 11.4
7 (Experimental) \ 17.2 100 7.0 | 22.9 133 13.0 ‘ 20.4 119 11.4
9 (Milo) . 12,5 100 8.8 | 19.6 157 11.6 | 10.7 88 10.2

Table 8 O#ERICL DL, 7L 7 5BORMICE->T, E42IVAEED, DG
¥F50TRAEVHEHEINE, CO ORMIFIMY TR, 2 IVADERLEDLOD
TCRARNPE W ERE R L. AERTIE, D> $OLRWEBIRL 288, 138
HORBLHERT DI LNTE .

BERDOHAF UV EBDOEE F+oOHE1x Table 9 X5 TH 5.

Table 9 OftRIc LB &, MR/ oL ¢, sev sHHKDON v F yE&E7A,
Eobh, RBRABBE®RIBECES T, RECEHIL, WIHOFRIEL TWD,

/,
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Table 9. The effect of chlorella on carotene content of egg yolk

Week (di Control lot Chlorella lot CO lot
ee et - R

(diet) Content Rate Color |Content Rate Color |Content Rate Color
N _ . i(mcg/g) value |(mcg/g) 77 value |(mcg/g) | value
2 (Milo) 5.3 100 5.9 5.3 100 5.7 5.3 100 5.7
5 (Experimental) 4.7 89 7.8 15.6 298  12.8 7.8 149  11.4
7 (Experimental) 5.0 95 7.1 18.8 357 13.0 13.1 250 11.4

. <

9 (Milo) 6.9 131 8.8 . 5.5 104  11.6 4.9 93  10.2

chiedLC COEBR T, TORBIRBCEDLNBH, 7 ulb50rhici3iki
3, W2ERCR-> . CO BRMX T, AIE® LHUCERE - .
BREPOFYU P I IUERNOKEE HHOERIX, FH V74K EBHDOHE
72BbDOTHBHA, FIFHELER, TOEEHRIX Table 100X TH5.

Table 10. The effect of chlorella on xanthophyll content of egg yolk

Control lot Chlorella lot CO Iot

Week (diet) Content Rat; Color |Content Rate Color Content vRate Color
- ~ l(mcg/g) value |(mcg/g) value (mcg/g) value
2 (Milo) 29.5 100 5.9 29.5 100 5.9 29.5 100 5.9
5 (Experimental) | 31.0 105 7.8 | 262.5 890  12.8 | 55.3 187  11.4
7 (Experimental) | 16.0 54 7.0 | 294.0 997  13.0 | 56.0 190 11.4
9 (Milo) | 23.8 81 8.8 156.6 581  11.6 | 29.3 99  10.2

BREPOFH Y b7 4 LEEBIE, so L SEERS®RIBRITHIMN, S5BETYA
PR D & FOMIEIR FDL RN ER L, Fhrsul S5fke< 4 affenz T,

Table 11. The effect of chlorella on the egg quahty

Week Lot Egg  Antibreaking Egg COIO‘ Egg ngn
(diet) weight force white value vyolk weight
Sl T weight  weight MR
2 (Milo) | Control 68.4(8) 1 g7 (kK8 39 1@ 4 22.5(8) 7.5

Chlorella 68.2 1.74 38.2 5.8 21.6 9.1

CO 65.9 2.25 36.5 6.0 20.5 7.9

7 (Exper Control 71.1 1.98 39.7 7.0 23.7 8.1

imental)

Chlorella 67.1 2.46 38.2 12.0 21.3 8.4

CO 63.2 2.45 35.1 11.0 20.1 8.1

9 (Milo) Control 66.4 2.63 37.6 8.8 21.0 7.9

Chlorella 68.2 2.50 39.1 11.6 21.3 8.5

CO 65.6 2.80 36.7 10.2 21.3 8.7
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2B E L BT, KESEOLNUEPHEs TN, hRGHEEE+FY v 7 418
7Ok, r=+0.60FDHEDH B ERNAD N,

BRERE KWK WCOINE, HukiE, INAE, NEE, IR ofticonT
WAL =p, <4 ofdk 28H, HBRER 5BE, <4 o) 2BEORRELRT L
Table 11 © X5 Tk 5.

CORRBICIDE, TRLEOHHKDOWT, BEHOBMELAL, 70V 7D5%%E
JEDEEIANDRINT, fHHRE#EL2IND O L XEbNR.

WEHE - L B9 3, RS T AR S R Y LicEaoh v 7/ 4 FRH
ZEEL TWD D, AEBRTEIRBUEZRKAT bl - 2.

= #

7 ab s QINEAEIREOMINECK XIETHELYH Sk, tyvEena vOREL
LT, =4 060%xBEALLEBEARLHESML, chics%BEBO s v L 7 2BML &R,
72 & Ui Carophyll orange % 20 ppm % 78I L /e ikl 2445 L, MEARIN G CRRE) St
REZBAOMEOBI e 2 I VA I T Ve FH VT 4 VOERRERHEL
fo. HROBEHEOFDL) TH 5.

D 28O~ 1 ofiRlolE k- TINEO BRI, ETLA.

2) suol sfgkesomime, 12—13km L, CO fkoF&D11—12% kbl
n, ERVEOBEE T LBAD BN,

3) JI%OE 2 I VAGERD, POEL D, LOGRMA LEIRRD DO TR
LWV HEER 5 2 .

1) oA uFVvERE, rolL IfROREC Y- T, EKRARKBEROK 3 /&R
giem b L.

5 FEOFH VT 4 VAR, suLSERNOKREIIS T, FLIEMLE.

6) RESRE « SRHEEUE T O HAL MR, 5HBEOs vV 7RI X » T,
R FIFE L MW B R B LIET 0 L ixBbhinh- k.

Likdi-T, ftvEonavkvf o CEENILEA, 70V 7 REEINSINE
OEFAXFAGT 5 -bORMFIE LT, EAAbOTHSC LARDBNL.

AHEAWITT AIC4D, BROBYECHBEESZ SN2/ n L IHRLKLREER KA BT
12, A7 oL ¥RAHOTHBAMEE Z KA MICECRHOBEED ObT.

X [

1) PETERSON, W. J., J. S. HUGHES and .. F. PAYNE: The carotenoid pigments. Agricultural
ILxperiment Station College, Kansas State of Agriculture Technical Bulletin, 46, (1939)
2) OLSEN, M. W.: Poultry Sci., 21, 497-499 (1942)



82 H e H Ol =

3) BRUNNELL, R. H, and J. C. BAUERNFEIND : Carotenoids as poultry pigmenters. Proceed-
ing of 8th World’s Poultry Congress. Mexico City (1958)
4) SUNNDE, M, L.: Poulrty Sci., 41 (2), 532 (1962)
5) BUNNEL, R. H., W. L. MARUSICH and J. C. C. BAUERNFEIND : Poultry Sci., 41 (4), 1109
(1962)
6) FHBE ¥ e WL « dikfiFAKHE © 1964 (FR39) EEAATEREFZLKFEALHEES, 37—39
(1964)
7) ARE V5. WHLZ - H B 1965 (HH40) £E AAFTEFREFL KFERL HEER, 43—44
(1965); B, 2, 72—74 (1965)
8) ZAME 5 WHILT « MiAL | AABEFQEAIPH, (48), 17 (1967)
9) HBE e AWET BT EBEARLE 8 (1, 61~71 (1975)
10) BAHMT « HE R « ARRAEX  RESE, 10 (@, 157—161 (1973)
11) BT - HEEFK  Ibid., 10(6), 238 (1973)
12) BURHETT o M4ERRIE < Ibid,, 11(1), 25—29 (1974)
13) BEF—BB« K &R - FHAMEE « kKA ¥ - HLEX KT REZREFFTTHRE, (5), 24~

30 (1972)
14) BHHI—HE K RR-FEHMER KA B -HLETX 7oL 7GRS REER (1972,
12,4)

15) e 15 SEEHEE GBTIR), 384(1972) BEHE - HH

16) REEEME - (LHEFEH I BESHE, 27 (3), 179 (1956)

17) BREEKER (€4 3 Y O{L¥ERERYE:, 101~204 (1955) FEILE « B
18) Roche: Yolk color fan, Printed in Switzerland (1969)

19) ZRERERE - [LAEH  AFBEH, 27 (4), 255~261 (1957)

20) [ ZEH « Z5EERHE ¢ Ibid., 27(4), 263~271 (1957)

Studies on Pigmentation of Egg Yolk

(2) The Effect of Addition of Chlorella
Hiroshi SUTOH and Senji UcHIDA

Labortory of Biology, Okayama College of Sience, Okayama, Japan

To determine the effect of addition of chlorella, a feeding experiment with lay-
ing hens (White Leghorn breed) was carried out. Three lots of the control of the
milo (60 %) diet without any additive, of the milo diet with 5 % chlorlla and of the
milo diet with 20 ppm carophyll orange (CO ; a preparation of 5 9 B-apo-8'-carotenoic
aicd ethyl ester plus 5 % canthaxanthin) were set up in batteries. The feeding ex-
periment for 70 days in total consisted of 3 periods; in the first period the milo diet
was fed, in the second the experimental diet and in the third the milo diet (c.f{.
Fig. 1). Egg yolk pigmentation was evaluated by Roche 15 blade color fans and also
the contents of vitamin A, carotene and xanthophyll were etimated. The results
obtained are summarized as follws:

1) Feeding of the milo diet caused a decrease of the Roche color fan value of
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egg yolk.

2) The color value of the yolk in the egg laid by birds fed the chlorella diet
increased to 12-13, while that of the CO-diet birds increased to 11-12. A remark-
able effect of pigmentation was shown.

3) The vitamin A content of the chlorella diet lot was somewhat higher than
that of the CO-diet lot. It was suggested that the application of chlorella to laying
diet might be useful for the improvement of vitamin A content.

4) The increase of carotene content of egg yolk was observed when chlorella
was applied. The carotene content of egg yolk of the chlorella diet lot was about
3 times as much as that of the milo diet lot.

5) A remarkable increase of xantnophyll content of egg yolk was observed
when cnlorella was applied.

6) It was observed that the application of 5 9 chlorella did not influene egg
production, feed consumption and other egg qualities.



